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"['° 
In  a  series  of  experiments  reported  in  another paper  (I),  the 
writers have shown that guinea pigs, previously injected with sub- 
lethal doses of bacterial proteotoxin (anaphylatoxin), may acquire 
slightly but definitely increased tolerance to these poisons.  In the 
course of this work the material used for injection consisted of the 
supernatant  fluid  remaining after  vigorous  and  prolonged centri- 
fugation of mixtures of typhoid bacilli and fresh guinea pig serum. 
Although centrifugation was  sometimes continued  for  two  hours 
and more, the process never entirely freed the serum of bacteria, in 
spite  of the  fact  that  a  settling of  the  micro6rganisms was  often 
facilitated by the presence of normal agglutinins in the guinea pig 
serum,  and,  occasionally, by the addition of small amounts of  in- 
activated, strongly agglutinating antityphoid serum. 
The filtration of the preparation through Berkefeld candles freed 
it  of  bacteria,  but,  as  reported  in  a  previous  paper,  also  entirely 
removed the toxic properties, and for this reason such a  procedure 
could not be utilized. 
The fluids obtained were always  perfectly clear and  showed no 
cloud  on  shaking,  but  on  cultural  examination,  in  which  several 
loopfuls were planted, a  few colonies always  appeared.  The ma- 
jority  of  the animals  injected  with  these  fluids,  if  they  survived 
acute shock, went on to complete recovery.  Not infrequently, how- 
ever, a  guinea pig that had recovered entirely from the immediate 
effects of the poison would die, in the course of two or three days, 
of  typhoid  infection,  cultures  from  the  heart's  blood  showing 
typhoid bacilli abundantly present. 
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Since the minimal fatal  dose of our typhoid culture for guinea 
pigs bf about 200 grams was one tenth to one fifteenth of an agar 
slant, and it was plain that nothing like this amount could have been 
injected with  the  two  or  three  cubic  centimeters  of  proteotoxin 
(anaphylatoxin)  in  the  animals  described  above,  it  seemed  as 
though the poison itself might have possessed aggressin-like proper- 
ties by virtue of which the sublethal amounts of bacilli, remaining in 
the serum after centrifugation, had been rendered more powerfully 
pathogenic. 
Our first experiments were aimed purely at the determination of 
this point.  The-procedure in  these preliminary experiments con- 
sisted  in  determining the  minimal  lethal  dose  of  the  bacteria  in 
question  for  guinea  pigs  of  a  certain  weight,  and then  injecting 
smaller quantities of bacteria together with sublethal doses of the 
proteotoxin (anaphylatoxin). 
The proteotoxin was  prepared throughout with typhoid bacilli, 
and the bacilli, in proportions of one half agar slant to  four cubic 
centimeters, were digested  for  five or six  hours at  37.5 °  C.  with 
fresh normal guinea pig serum.  Centrifugation was  then carried 
on for  one to  two hours,  cultures were taken,  and this  fluid was 
added to the quantities of bacteria measured for the experiment. 
EXPERIMENT  A. 
Typhoid  Bacilli  Injected  Intraperltoneally  with  Proteotoxin  (Anaphylatoxln). 
No. of 
animal.  Weight. 
200 gin. 
215  gin. 
2Io gm. 
215 gin. 
2t5 gm, 
215 gm. 
205 gm. 
225 gin. 
Dose, agar 
slant. 
I/IOO 
I/IO0 
1/200 
I/200 
i/300 
I/IO 
1/20 
I/5o 
Proteotoxln 
~anaphylatoxin), 
3 c.e. 
3 c.c. 
3 c.c. 
3 c.c. 
3 c.c. 
Salt solution.. 
3 c,c. 
3 c.c. 
3 C.¢. 
Result. 
Died in 22  hrs, 
Died in x8 hrs. 
Died in i8 hrs. 
Died in 35 hrs. 
Remained alive. 
Died in 52 hrs, 
Died in I8 hrs, 
Remained alive. 
It is  here seen that  1/20o c.c.  of an agar  slant was fatal  if  injected  with 3  c.c. 
of  the proteotoxin, whereas with salt  solution alone  1/20  was the  minimal lethal 
dose.  3  c.c.  of  the  anaphylatoxin  alone  did  not  kill.  The  same  result  is  shown 
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EXPERIMENT  B. 
Typhoid  Bacilli  Injected  In traperitoneally  with  Proteotoxfn  (.4naphylatbxin) 
Proteotoxin 
No,  Weight.  Dose, agar  (anaphyla-  Salt  Result. 
of animal,  slant,  to xin).  solution. 
225  gm. 
22o gin. 
23o gin. 
235 gm. 
230 gin. 
I/I00 
1/200 
I/IO 
i/2o 
2.g C.C. 
2.5 c.c. 
3.0 C,e. 
2.5 c.e. 
2.5 c.e. 
Died in 3 dys. 
Died in 4 dys. 
Sick, recovered; re- 
mained alive. 
Remained alive. 
Not  sick;  remained 
alive. 
These experiments show that, when injected intraperitoneally, the proteotoxin 
enhances  the  virulence  of  the  typhoid  bacilli.  It  should  be  noted  that,  in  the 
case of  typhoid  infection,  these  protocols  represent  unusually  favorable  results. 
Although  distinct  differences  pointing in  the  same  direction  were  noticeable  in 
all the experiments, these two represent the best results obtained.  More regular 
results  were  obtained  when the injections  were  made intravenously. 
EXPERIMENT  C. 
Typhoid  Bacilli Injected Intravenously  with Proteotoxin  (dnaphylatoxin)  Pro- 
duced  with  Typhoid  Bacilli.  3.5  Cubic  Centimeters  of the dnaphylatoxin 
Used Killed a Guinea Pig  Weighing 240  Grams in  Three Minutes 
with Acute Shock. 
No. of  Proteotoxin  I 
animal.  Dose.  (anaphylatoxin).  Salt solution.  I  Result. 
I 
IlIO0 
1/2oo 
I/IO 
1]20 
1/4o 
1.5 C.C. 
1.5 c.c. 
I. 5  e.c. 
2,0 C.C. 
I..~ c.c. 
1.5 c.c. 
1.5 c.c. 
]Very sick, but recovered. 
IDled  in  48  hrs.;  typhoid 
(  bacilli in heart's blood. 
iSick,  but recovered. 
ISiek, but recovered. 
]Remained well. 
i 
Remained well. 
Remained well. 
This  experiment  again  illustrates  the  aggressive  effect  of  the  poison,  but 
here  as  in  several  other  experiments  irregularities  occurred  in  that  the  largest 
dose given with the poison  failed to  kill, while a  smaller dose was  fatal  (guinea 
pigs  i  and  2).  We  cannot  explain  this  and  can  attribute  it  at  present  only  to 
individual differences in the animals, although it occurred  a  number of times. 
In  all  the  preceding  cases  the  proteotoxin  was  produced  with 
typhoid  bacilli,  and  typhoid  bacilli  were  used  in  the  experiment. 
The question naturally  arose  as to whether  this  aggressive  action 
of  the  proteotoxin  was  specific  or  whether  proteotoxin  produced Hans Zinsser and James  G. Dwyer.  585 
with typhoid bacilli would show the same action when injected with 
other  bacteria.  This  was  a  natural  question,  especially  since  all 
recent  work  has  seemed  to  indicate  that  the  proteotoxins  were 
functionally alike whatever  the method used  for their  production. 
For this reason the following experiments were carried out in which 
proteotoxin  produced  with  typhoid  bacilli  was  combined  with 
staphylococci, and in one case with prodigiosus bacilli. 
EXPERIMElqT  D. 
Staphylococci  In/ected Intraperitoneally  with Proteotoxin  (Anaphylatoxin)  Pro- 
duced  with  Typhoid  Bacilli. 
No. of  Dose, agar  Proteotoxin 
animal,  slant.  (anaphylatoxin),  Salt solution.  Result. 
I/IO0 
1/200 
1/400 
I/400 
I/I0 
i/5o 
I/IO0 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
3  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
Died in less than 18 hrs. 
Died in less than z8 hrs. 
iDied in 20 hrs. 
iDied in less than I8 hrs. 
!Remained alive. 
]Remained alive. 
Remained alive, 
iDied  in  5  dys.  with  typhoid 
i  bacilli in heart's blood. 
Staphylococci  were  found  in  the  heart's  blood  of  guinea  pigs  2  and  3,  the 
only ones  of the  series  that  were autopsied. 
EXPERIMENT  E. 
Staphylococci  Injected Intraperitoneally  with Proteotoxin  (Anaphylatoxin)  Pro- 
duced  with  Typhoid  Bacilli. 
Proteotoxin 
No. of  Weight.  Dose, agar  (anaph~da-  Salt solution.  Result. 
animal,  slant,  toxin). 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
250 gin. 
230 gin. 
250 gm. 
225 gm. 
250 gin. 
215 gm. 
I75 gm. 
23o gin. 
2Io gin. 
235 gin. 
24o gin. 
I/IO0 
I/IO0 
1/200 
1/200 
z/40o 
1/800 
z/2 
T/5 
I/IO 
1/20 
3  C.C. 
3  C.C. 
3 c.c. 
3 e.e. 
3 c.c. 
3 C.C. 
3  C.C. 
3  e.c. 
3 c.c. 
3 c.c. 
3 c.c. 
Died in i8 hrs. 
Died in I6 hrs. 
Died in 22 hrs. 
Died in 2I hrs. 
Died in I8 hrs. 
Died in 39 hrs. 
Died in I9 hrs. 
Died in I4 hrs. 
Remained alive. 
Remained alive. 
Died in 3 dys. 
Autopsies on guinea pigs 5 and 6  showed pure cultures of staphylococci in the 
heart's blood.  No.  II  showed typhoid  bacilli  in  the  heart's blood. 586  Proteotoxins  and  Virulence. 
EXPERIMENT  F. 
Prodlgiosus  Bacilli Injected Intraperitoneally  with Proteotoxin  (Anaphylatoxin) 
Produced  with  Typhoid  Bacilli. 
No. of  Dose, agar  Proteotoxin 
animal,  slant.  (anaphylatoxin).  Salt solution.  Result. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
1/5o 
I/IO0 
I/IO0 
1/200 
1/200 
I/I0 
1/20 
1/4o 
i/8o 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
3 c.c. 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 
Died in 18 hrs. 
Died in 18 hrs. 
Died in 18 hrs. 
Died in 18 hrs. 
Died in 2o hrs. 
Remained alive. 
Remained alive. 
Remained alive. 
Remained alive. 
Died in 5 dys. 
Prodigiosus bacilli were  found in the heart's blood of guinea  pig  I,  the only 
one of this series autopsied for this purpose.  In guinea pig  IO,  the proteotoxin 
control, death ensued in five days, from generalized typhoid infection due to the 
few organisms remaining in the fluid after centrifugation.  Without invalidating 
the present series, therefore, this forms an additional corroboration of the point 
made in experiments A  and B. 
EXPERIMENT  G. 
Staphylococci  Injected  Intravenously  with  Proteotoxin  (Anaphylatoxin)  Pro- 
duced with Typhoid Bacilli. 
Proteotoxin 
No. of  Weight.  Dose, agar  (anaphyla-  Salt solution.  Result. 
animal,  slant,  toxin). 
I25  gm. 
185 gm. 
I6O gm. 
I9O gm. 
I/4o 
x/8o 
I/IO 
I  C.C. 
I  C.C, 
2  (~.C. 
L 
I C.C. 
i Died in 2 dys. 
Died in 2 dys. 
Not sick. 
Slight shock, but re- 
covered  and  re- 
i  I  mained alive. 
Blood cultures taken from the heart's blood of guinea pigs I  and 2 just before 
and after death showed staphylococci in pure culture. 
EXPERIMENT H. 
Staphylococci  Injected  Intravenously  with  Proteotoxin  (Anaphylatoxin)  Pro- 
duced  with  Typhoid  Bacilli. 
No. of 
animal. 
Weight. 
185 gm. 
195 gm. 
18o gm. 
I75  gm. 
Dose, agar 
slant. 
1/2o 
x/5o 
z/IO 
Proteotoxin 
(anaphyla- 
toxin). 
1  c.e. 
I  c.c. 
2  c.c. 
Salt solution. 
I  C.C. 
I  Result 
! 
!Died in 48 hrs. 
Died in 48 hrs. 
Remained alive. 
Slight shock, but re- 
covered  and  re- 
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• Staphylococci  and typhoid bacilli,  the latter in relatively small number, were 
recovered in blood plates made of the heart's blood of guinea pigs I  and 2.  The 
fact that the proteotoxin control, guinea pig 4, was able to overcome completely 
the typhoid bacilli present in twice the amount of proteotoxin indicates that the 
staphylococci in this case conversely aided the typhoid infection.  The significance 
of this fact in connection with mixed infections in man will be discussed  in our 
conclusions, 
It is noticeable throughout these experiments that, although dis- 
tinct enhancement of the virulence of typhoid bacilli is accomplished 
by the addition of the proteotoxin, the results are much sharper and 
more convincing when staphylococci are the infecting agents.  We 
are  inclined to attribute  this to the  fact that  proteotoxin is  much 
more easily formed by the aid of typhoid bacilli than with staphy- 
lococci.  In the former, therefore, the mere injection of the bacilli 
leads to the formation of moderate amounts of the poison, making 
the difference between experiment and controls a purely quantitative 
one, whereas in the case of the cocci, no proteotoxin, or practically 
none, is  formed when the bacteria alone are injected.  The differ- 
ence between experiment and control here, therefore, shows much 
more sharply the effect of the proteotoxin. 
In the above experiments we have attributed the increased viru- 
lence of the bacteria, when injected together with proteotoxin, to an 
aggressive property possessed by the poison.  This is obviously the 
only possible  interpretation in the case  of the staphylococcus and 
prodigiosus experiments in which the bacteria used in the produc- 
tion of  the  proteotoxin  were of  a  species  other  than  those  later 
added to the poison and leading to death.  In the first experiments, 
however, in which typhoid bacilli were used, both in the poison pro- 
duction and later in the experiment, another possible  contributing 
factor must be considered.  In our earliest accidental observations 
on the fact that animals would often die of typhoid infection after 
receiving  only the  minute  doses  represented  by  the  bacteria  not 
removable by centrifugation, it had occurred to us that these micro- 
organisms might have been enhanced in virulence because of con- 
tact with the serum during the period of incubation incidental to 
proteotoxin production.  This  is the more obvious in the light of 
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contact,  bacteria  will  absorb  anti-enzymes  out  of  the  serum.  It 
might also be correlated with the observation, made by us in isolated 
cases,  that  the  bacteria  cultivated  directly  from  the  dead  animal 
showed demonstrably increased resistance to agglutination.  How- 
ever, this latter point is being subjected to further investigation. 
Accordingly we performed experiments to determine whether or 
not typhoid bacilli  would  increase  in  virulence  after  exposure to 
contact with  fresh guinea pig serum, as  in  the production of  the 
poison. 
The  procedure  adopted  consisted  in  preparing  an  emulsion  of 
typhoid bacilli, dividing it into two parts, adding definite volmnes of 
fresh guinea pig serum to one, and equivalent volumes of salt solu- 
tion to the other.  After exposure of  from five to six hours, both 
portions were centrifugalized until the supernatant fluids were clear, 
and  approximately  quantitative,  comparative  determinations  of 
virulence  could  be  made  with  the  sediments.  The  experiments 
were necessarily inexact owing, in the first place, to the bactericidal 
action of the fresh guinea pig serum and, in the second, to differ- 
ences in sedimentation during centrifugafion of the bacteria in the 
salt solution and in the serum.  Both errors would tend to favor a 
negative answer to our query.  Careful and repeated performance 
of this experiment, however, has satisfied us that typhoid bacilli ex- 
posed  to  fresh normal guinea pig serum  for  five to  six  hours  at 
37.5 ° C. do not gain in virulence sufficiently to influence the results 
of our preceding experiments.  This is as  far as we have gone in 
this  direction  for  the  present,  since  further  elaboration  of  the 
problem  was  unnecessary  for  the  specific  purposes  of  the  work 
before us. 
Our experiments then have thus t~ar shown that sublethal doses 
of typhoid bacilli, staphylococci, and, in one case, prodigiosus bacilli 
could be  rendered  lethal,  if  proteotoxin  (anaphylatoxin)  was  ad- 
ministered with  them.  This  aggressive action on the part  of the 
proteotoxin was  shown to  be  non-specific, in  that  when produced 
with typhoid bacilli, the poison would serve to augment the infec- 
tious properties of staphylococci as well as, or even more effectively 
than it did those of the typhoid bacilli themselves.  This effect of 
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quantities were employed, no results being obtained unless from  I  tc 
1. 5  cubic centimeters, representing one fourth to one half of a  mini- 
real  lethal  dose,  were  injected. 
II. 
It now became of  interest to  determine, if  possible, the mechan- 
ism upon which this aggressive action of the proteotoxin depended. 
It seemed logical first to  investigate whether the  proteotoxin acted 
anti-opsonically  ; that is, whether it hindered the phagocytosis of the 
bacteria in the presence of normal serum.  Accordingly experiments 
like the  following were carried out. 
The anaphylatoxin was  prepared from typhoid bacilli, as in the other experi- 
ments.  That used in the following protocol produced severe shock but not death 
in a guinea pig weighing 16o grams, when 3 c.c, were injected intravenously. 
The bacteria employed  were staphylococci  emulsified in salt solution from a 
twenty-four-hour agar slant. 
The leucocytes  used were obtained by aleuronat injection into the peritoneum 
of  a  guinea pig.  They were washed  once only,  since complete  removal of  the 
serum seemed  unnecessary for this experiment. 
The  following tubes were  prepared,  incubated for  forty minutes, and slides 
were made for the determination of phagocytosis in the usual manner. 
EXPERIMENT  I, 
x.  Fresh guinea pig serum  ...............................  0.2  c.c. 
Leucocytic  emulsion  ..................................  0.3 c.c. 
Staphylococcus  emulsion  ..............................  0.2 c.e. 
Salt solution ..........................................  0.8 c.c. 
Phagocytic index ~  20 + 
2.  Fresh guinea pig serum  ...............................  o.2  c.c. 
Leucocytic  emulsion  ..................................  o.3  c.c. 
Staphylococcus  emulsion  ..............................  0.2  c.c. 
Proteotoxin emulsion  .................................  0.8 c.c. 
Phagocytic index -= 20 + 
3.  Leucocytic  emulsion  ..................................  o.3  c,c. 
Staphylococcus emulsion  ..............................  0.2 c.c. 
Salt solution ..........................................  I.O c.c. 
Phagocytic index ~  2.1 
4.  Leucocytic  emulsion  ..................................  0.3  c.c. 
Staphylococcus  emulsion  ..............................  0.2 c.c. 
Proteotoxin  ..........................................  I.O c.c. 
Phagocytic index ~  12 
It is apparent from this experiment both in tubes 2  and 4  that the 
presence  of  the  proteotoxin  did  not  hinder  opsonic  action.  A1- 590  Proteotoxins  and  Virulence. 
though the  staphylococcus opsonins  were  considerably diminished 
by absorption with typhoid bacilli it is evident in tube 4,  even after 
subtracting  the  opsonic action  due  to  traces  of  serum  carried  in 
with the leucocytes, far from hindering phagocytic action, tlae pro- 
teotoxin still  carries  with  it  opsonin  for  the staphylococci, a  fact 
surprising in itself when we consider the absorption of the serum 
with  not  inconsiderable  quantities  of  typhoid  bacilli  and  its  ex- 
posure, during proteotoxin production, to 37.5 °  C. for five hours. 
It  is  also possible that,  although the heat-sensitive opsonic sub- 
stances  may  have  been  completely or  almost  completely removed 
by the exposure to 37.5 ° C. for five hours, the high phagocytic index 
in tube 4 may be explained by reactivation of a heat-stabile sensitiz- 
ing element by the small amount of  fresh  serum adherent to  the 
leucocytes, which were not thoroughly washed in these experiments. 
We did not further investigate this purely incidental point. 
\Ve  shall  not  cite other  experiments since  those  similarly  per- 
formed all point,  in agreement with  this  one,  to the  fact  Nat  the 
proteotoxin, as produced by us, does not exert anti-opsonic action. 
From the  fact thus demonstrated, that the proteotoxin does not 
hinder the phagocytosis of staphylococci in the presence of normal 
active  serum,  we  may  reasonably  conclude that  its  action  is  not 
anti-opsonic.  It is also apparent from the preceding protocol that, 
although there  is  slight cytotoxic action on the phagocytic cells,  a 
fact which other experiments lead us to suspect, this is not in itself 
sufficient to  be  held  responsible  for the virulence-enhancing influ- 
ence of the proteotoxin.  For the leucocytes still actively ingested 
the bacteria in spite of contact, for thirty minutes and longer, with 
proteotoxin  in  concentration  relatively  far  greater  than  any  that 
would be likely to  occur in the circulation of the infected animal. 
These possibilities being excluded, we turned our attention to the 
leueopenia which is known to ensue upon the injection of poisons of 
this kind into animals.  The experiment that follows is one of sev- 
eral planned to throw light on this point. 
EXPERIMENT  II. 
After it had been determined on a  number of animals  that a  suitably adjusted 
quantity  of  proteotoxin,  injected  into  a  guinea  pig,  regularly  produces  a  fall in 
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with the severity of the poisoning, two  guinea pigs were  intravenously injected 
as  follows : 
1.  Weight 250  gm. 
Staphylococci ~  agar  slant. 
Proteotoxin,  2  c.e. 
2.  Weight 26o gm. 
Staphylococci ~  agar  slant. 
Salt solution 2  c.e. 
The leucocyte counts of these animals were as follows: 
I.  2. 
3  counts during a period of 4 hrs. before injection  ........  7,200  9,5oo 
5,8o0  6,5o0 
4,000  7,000 
I  hr. after  injection.  3  separate  counts  ..................  I,Ooo  1,2oo 
1,4oo  1  ,ooo 
1,6oo  I ,ooo 
3~  hrs.  after  injection  ..................................  3,2oo  6,ooo 
,6oo  5,800 
1,4oo  5,600 
Next morning about  18 hrs. after  injection  ...............  1,8oo  16,ooo 
1,6oo  24,ooo 
2,000  32,000 
18,000 
The  first  animal  died  within  twenty-four  hours  after  the  injec- 
tion,  and  blood  cultures  taken  from  the  heart's  blood  before  and 
after  death showed numerous  staphylococci.  The  other  animal,  in 
which  no  proteotoxin  had  been  injected  with  the  bacteria,  was 
slightly sick  for five or  six hours  after  the injection,  but after  that 
it rapidly  recovered  and remained well. 
In order to  obtain results  as  striking  as the one presented  in the 
preceding  protocol,  it is necessary  to carry  out a  considerable  num- 
ber of experiments  until the  relative  doses  of  proteotoxin  and sta- 
phylococci  are  so  adjusted  that  a  marked  and  consistent  difference 
is  apparent.  For  in many  cases  a  too  severe  dosage  with  staphy- 
lococci,  even without the poison, may lead to a  considerable  prolon- 
gation  of  the  stage  of preliminary  leucocytic  depression,  as  seen in 
guinea pig 2 after one hour.  A  too slight dosage with proteotoxin, 
on the  other  hand,  will  result  in  a  temporary  leucopenia  only  and 
recovery  of  the  animal.  Properly  adjusted,  however,  the  experi- 
ment  is  instructive  in  that  it  shows  that  the  animal  receiving  the 
bacteria  together  with  the  proteotoxin  does  not  recover  from  the 592  Proteotoxins  and  Virulence. 
preliminary leucopenia which  follows  the  injection,  and  does  not, 
later,  react with the powerful leucocytosis that accompanies recov- 
ery in the control animals. 
SUMMARY  AND  CONCLUSIONS. 
I.  Our experiments show that proteotoxin  (anaphylatoxin)  pro- 
duced with typhoid bacilli and active guinea pig serum, by the gen- 
eral method of Friedberger, possesses aggressin-like action in that, 
when injected together with sublethal doses of bacteria,  it renders 
them lethal. 
2.  This action is not specific,  since even when typhoid bacilli are 
used in  its production, the proteotoxin possesses  this property not 
only/or typhoid bacilli, but for staphylococci and prodigiosus bacilli, 
the only other organisms with which we worked. 
3.  This action is  manifest in the experiment only when quanti- 
ties of proteotoxin are used which can produce a  certain degree of 
systemic poisoning. 
4-  It is not due to anti-opsonic action since the phagocytosis of 
staphylococci in the presence of active serum takes place readily in 
spite  of  the  presence  of  relatively  considerable  amounts  of  the 
poison. 
5.  The aggressin-like action of  the proteotoxin is  probably  due 
to  the  leucopenia that  it  causes.  It  is  not likely that  this  leuco- 
penia is dependent upon a  negative chemotactic action, in the ordi- 
nary sense of this term, but it is probably due to the general intoxi- 
cation of the animal, resulting among other things in the poisoning 
of those tissue elements which ordinarily react to infection with the 
mobilization  of  leucocytes  in  the  circulation. 
It has seemed to us that the results of our experiments were of 
interest also in throwing some light on the general problem of vir- 
ulence. 
The thought naturally suggests itself that Bail's so called aggres- 
sins were nothing more or less than proteotoxins, or anaphylatoxin. 
It has been shown by Friedberger and Nathan  (3)  that poisons of 
this description may be formed in the peritoneal cavities of animals, 
and if we examine the method by which Bail  (4)  prepared his ag- 
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Moreover, although Bail's  aggressins are described as non-toxic in 
themselves, this is a  discrepancy to which, it seems to us, no great 
weight  need  be  attached  in  this  connection,  since  the  poisonous 
properties of the proteotoxins are clearly apparent only when con- 
siderable amounts, two to three cubic centimeters, are intravenously. 
injected into young guinea pigs, and below this quantity a  thresh- 
old is rapidly reached beyond which no visible reaction whatever is 
achieved.  We have not yet, it is true, shown that animals may be 
immunized against  bacterial  infection by  treatment  with  the  pro- 
teotoxins, a  result obtained by Bail  with his  aggressins.  But  we 
feel that the mere fact that tolerance to proteotoxin may be estab- 
lished, a phenomenon which has been the subject of an earlier paper, 
is a step in this direction.  Further than this the analogy cannot be 
carried since we do not know as yet whether the proteotoxin toler- 
ance is specific,--a fact which would be necessary in order to iden- 
tify  completely  these  substances  with  the  substances  studied  by 
Bail.  In  view,  however,  of  the many  objections  that  have  been 
voiced against this phase of Bail's work, and of the fact that a rapid 
accumulation of leucocytes is described as characteristic of aggres- 
sin immunity, it  seems not unlikely that even in this aspect of the 
problem aggressin and proteotoxin may eventually be identified. 
It  is  probable,  also,  if  we  reason  logically  from  the  premises 
which our experiments supply, that the power of invasion of many 
micro6rganisms is  intimately related  to  their ability  to  react  with 
the active blood constituents of the infected animal.  This has  al- 
ready been suggested in the work of Embleton and Thiele (5).  If, 
indeed, the condition of bacterial anaphylaxis or hypersusceptibility 
depends upon the establishment of a  balance between the  injected 
bacterial antigen and the blood constituents, such that proteotoxlns 
are  formed, a  supposition rendered probable by much recent work, 
then our experiments would tend to show that bacterial anaphylaxis 
implies, at the same time, a  condition of lessened resistance to  in- 
vasion by the bacteria 1(6).  It may even be that generalized inva- 
1 Professor William H. Welch, of Johns Hopkins  University, has told us that 
several years  ago,  in carrying out some experiments  with peptone injections, the 
animals that received the peptone seemed thereby to be rendered more susceptible 
to infections.  Considering  the demonstrated  similarity between  peptone  poison- 
ing and  anaphylaetic  poisoning  his  observation  would  correspond  to  that  made 
by us.  We have  so  far had  no opportunity to carry out experiments with peptone. 594  Proteotoxins  and  Virulence. 
sion, after localization, must await the striking of such a balance,  an 
interval which, in the case of diseases like typhoid fever, may form a 
part of the incubation time.  At the same time, in such diseases, the 
action of the proteotoxin would explain the leucopenia that accom- 
panies  the  bacterial  invasion. 
We do not, of course, expect to explain  virulence in  general by 
these phenomena.  In the case of organisms like the pyogenic cocci, 
the pneumococcus, and some other bacteria, there is apparently an- 
other  important  element contributed  in  the  resistance  of  the  in- 
vader  to  direct  reaction  with  the  active  serum  constituents.  In 
many of  these  organisms  the  slight  extent  or  absence  of  serum 
lysis or even bactericidal action would point  in this  direction, and 
here the appearance of proteotoxin would be secondary in import- 
ance or possibly absent entirely until late in severe infections. 
The non-specificity of the aggressive action of proteotoxin goes 
far toward explaining the increased susceptibility to other, secondary 
infections apparent during the course of many cases of typhoid fever 
and in some other diseases.  It should also have an important bear- 
ing  on  our  understanding of  mixed  infections. 
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